Introduction
The prevalence of overweight and obesity is a growing problem, both worldwide and in Poland. Excessive bodyweight more often affects young people. According to Health Behavior in Schoolaged Children study (HBSC) overweight and obesity are seen in 17% of boys and 11% of girls aged under 13 yr in different countries in the world (1) . In Poland, overweight affects 14.8% of boys and 11.4% of girls in the same age group, yet obesity is diagnosed in 4.5% of boys and 2.8% of girls (2) . Overweight and obesity increase the risk of dietrelated diseases in children and adolescents, e.g. cardiovascular diseases, diabetes and psychological-social problems such as lower self-esteem and depression (1) . In general, the association between socioeconomic status and overweight prevalence in developing countries is direct and in developed countries it is inverse (3) (4) (5) . In developing countries, higher socioeconomic status is associated with the prevalence of overweight, although in developed countries the prevalence of overweight is rarer. The influence of socioeconomic status on overweight prevalence also depends on the sex and age of respondents (3, 5, 6) . The results are clear and wellconfirmed in women, but not in men and children (6) . The relationship between socioeconomic status and overweight prevalence depends, to a large extent, on the applied indicator of socioeconomic status (3, 5, 7) . The place of residence, educational status, income and occupation are important indicators of socioeconomic status (1, 3, 5, (8) (9) (10) (11) . Using these easily measurable indicators, we can profoundly investigate social, cultural and economic causes of health status. Generally, higher cultural capital has more influence on health-promoting behaviour and, consequently, the health of young people than higher family affluence (9) . Numerous studies have demonstrated the strongest impact of parental education status, especially mothers, on the prevalence of overweight in adolescents (7, 12, 13) . The potential for interrelations between different single factors of socioeconomic status justifies applying a complex indicator to evaluate the total impact of socioeconomic status on diet, lifestyle and health (8, 11) . The available papers are related to studies carried out 10 years ago and before (3, 14) . After Poland entered to the European Union (in 2004) a substantial transformation in the socioeconomic situation of Polish society was observed. This prevents an unambiguous assessment the impact of socioeconomic status on the actual prevalence of overweight in Polish adolescents (8, 10, 15) . Some recent studies have described the relationship between socioeconomic status (SES) and overweight in adolescents of different ages and sexes from many different countries, but have not examined the levels of SES in each country (1, 14) or have not analysed the association in age groups (13) . In older adolescents increase their independence from their parents and susceptibility to environmental influences, especially regarding dietary behavior and lifestyle (e.g. physical activity) (1, 16) . Therefore it is necessary to explain the impact of socioeconomic status and its single factors on the overweight prevalence in adolescents of different ages and sexes from Poland after the social transformation. It may be assumed that the effect of different single socioeconomic status factors on the prevalence of overweight is different in younger and older adolescents and in boys and girls. The aim of the study was to analyze the association between overweight prevalence and socioeconomic status measured by complex socioeconomic status index as well as single socioeconomic factors in Polish adolescents with respect to age and sex groups.
Materials & Methods

Ethics statement
The study was approved by the Bioethics Committee of the Faculty of Medical Sciences, University of Warmia and Mazury in Olsztyn in 2010.
Study design and sample collection
This cross sectional study was conducted in 2010-2011 among adolescents aged 13-18 years. The respondents were students of junior-high and high schools from northern, eastern and central Poland. The schools were selected and then classes were chosen. The consent of the school principals and students' parents or guardians to participate in our research was required. We used quota sampling to ensure the same numbers of participants in all sex and age groups. The present study is a part of a larger study focused on food and dietary fibre consumption as well as on body weight and socioeconomic status determinants ( Fig.1,2 ) (17). The research was conducted by well-trained interviewers. The sample collection with inclusion and exclusion criteria is presented in Fig. 1 . Initially, a total of 2,600 volunteers participated. The respondents were precisely instructed on how to complete the dietary questionnaire. Incomplete or incorrect questionnaires were obtained from 787 respondents (30.3% of initial sample). A further 80 participants were removed due to an inappropriate age (<13 or ≥19 years; 3.1% of initial sample), because age was calculated with an accuracy of one month. Furthermore, the socioeconomic data were not collected in 557 participants (21.4% of initial sample) at the first stage of study ( Fig.1, 2 ). The present paper concerns only the second stage of the study.
In total, the study involved 1,176 people, 551 boys (46.9% of final sample) and 625 girls (53.1%) aged from 13.0 to 18.9 years (Table 1 ). According to initial quota sampling, despite the exclusion criteria, a similar sample size in sex and age subgroups was obtained. Participants aged 13.0-14.9 years represented 31.2% of the final sample, 15.0-16.9 years represented 29.4% and 17.0-18.9 years represented 39.4%. Furthermore, the rural-to-urban inhabitant ratio in Poland was quite properly reflected: 51.3% of the participants were from rural areas and 48.7% were from urban areas (18). 
Body weight status and outcomes variables
Height (to the nearest 0.1 cm) and weight (to the nearest 0.1 kg) were measured in adolescents and the body mass index (BMI) was calculated. Two types of BMI classification were used: Polish percentile charts (2) and cut-off points for BMI by Cole et al. (19, 20 (19, 20) . In the present study, participants with overweight including obesity (study group) and normal weight (control group) were taken into consideration. Participants with underweight (n=25, 2.1% of final sample according to Polish standards; n=89, 7.6% by international standards) were not analyzed.
Explanatory variables
The standard questions, which were well-suited to young respondents, regarding socioeconomic status were used (18) . In our study, 6 single SES factors were examined. The more favourable categories of SES factors were assigned with higher numerical values (given in brackets):
1. place of residence -response categories: village [1] , town <100,000 inhabitants [2] , city ≥100,000 inhabitants [3] . The complex SES index was calculated as the product of numerical values assigned to the individual categories of each SESI factor. The SESI was then logarithmically transformed and the tertile SESI distribution was used to identify respondents with low, average or high SES. The same approach was used in our previous studies (8) and research in a representative sample of Polish girls and young women (21) . Originally, the alpha-Cronbacha for six SES factors was calculated (0.571). One factor (number of education years) clearly weakening the SESI value was found (data not shown). It was decided not to include this factor to develop the SESI. The alpha-Cronbacha for five factors of SESI was 0.610 for total sample, 0.584 for boys and 0.639 for girls. The SESI with 5 factors was then calculated. Adolescents with low (33.1% of final sample), average (35.2%) or high (31.7%) SES was identified (Table 1) .
Statistical analysis
The means and 95% confidence interval (95% CI) were calculated for height, body mass and BMI ( Table 1 ). The percentage distribution of adolescents by Polish and international standards of BMI classification in total sample and sex groups were calculated as well. The impact of socioeconomic status (SES) and single SES factors on overweight (including obesity) prevalence was tested using the logistic regression analysis (22) . Two models were determined as follows: model 1 -the odds ratios (ORs) were not adjusted, model 2 -ORs were adjusted for sex and/or age as confounding variables (other confounders of association SES-overweight was not investigated in this research) (Tables 2-3 ). The 95% confidence intervals (95% CI) for ORs were calculated. The significance of the odds ratio was assessed by Wald's statistics. To assess the impact of socioeconomic status on overweight (including obesity) prevalence, the reference group were participants with low SESI (OR=1.00). On the basis of large epidemiological studies on overweight prevalence among Polish adolescents and assuming 5% error of estimation of overweight prevalence, it was assumed that the minimum sample size in adolescent subgroups by sex, age and single SES factors equals 140, especially for the reference group in the logistic regression analysis. Therefore, the small sample-size categories were combined and the newly-created categories were used for logistic regression analysis (Table 1):
 place of residence:
(i) "rural" (i.e. village -reference group; OR=1.00), (ii) "urban" (created by summing two categories:
"town" and "city");  self-declared economic family situation:
(i) "average or worse" (reference group; created by summing two categories: "below average" and "average"), (ii) "above average";  self-declared economic household situation:
(i) "we live thriftily or poorly" (reference group; created by summing four categories: "we live very poorly", "we live poorly", "we live modestly" and "we live very thriftily" and "we live relatively thriftily"), (ii) "we live very well".
The grouping into categories was not changed for the paternal education and maternal education as single SES factors. The P-value <0.05 was considered as statistically significant. Statistical analysis was performed using STATISTICA statistical package (version 10.0 PL; StatSoft Inc., USA, Tulsa; StatSoft Polska, Kraków).
Results
Overweight (including obesity) was found for 14.5% adolescents according to Polish standards as well as international standards (Table 1) . Overweight (including obesity) affected 17.6% boys and 11.8% girls according to Polish standards and 21.2% boys and 8.5% girls by international standards.
Impact of complex index of socioeconomic status on overweight prevalence
The odds ratio of overweight (including obesity) prevalence in total girls (13.0-18.9 years) with high SESI was 0.61 in Model 1 (95%CI:0.33-1.14; P>0.05; 
Impact of single factors of socioeconomic status on overweight prevalence
There was no influence of place of residence, economic situation of family, economic situation of household or paternal education level on overweight (including obesity) prevalence in either boys or girls (Table 3) . Maternal education level influenced overweight prevalence in girls, but not in boys, irrespective of age. The odds ratio of overweight (including obesity) prevalence in girls with mothers with higher education was 0. (19) ; N -sample size; OR -odds ratio; 95% CI -95% confidence interval; *P≤0.05; Model 1 -OR not adjusted; Model 2 -OR adjusted for: sex and age (boys+girls), age (boys or girls)
Discussion
The prevalence of overweight (including obesity) was influenced by socioeconomic status as well as sex and age. The relation was strong and clear in the oldest girls between opposite socioeconomic status level (low-high) which was determined by maternal education level as a single socioeconomic factor. In boys, the association was only significant for the oldest boys between the low and average socioeconomic status and it was confirmed for overweight prevalence assessed by Polish standards but not international standards. In our study, high socioeconomic status favoured a lower prevalence of overweight (including obesity) in the oldest girls (17.0-18.9 years). In the oldest girls with high socioeconomic status, the risk of overweight prevalence was 3 times lower by Polish standards and 5 times lower by international standards than in girls with low socioeconomic status. The lower prevalence of overweight and obesity in persons with high socioeconomic status has been confirmed by numerous studies conducted in developed countries (5, 7, 12, 15, 23, 24) and by some studies carried out in developing countries (25, 26) . This association has been well-confirmed for women, although it has not been confirmed in men (27, 28) . Similar relations have been demonstrated in Chinese 17-18-year-old girls (29) . The girls with high socioeconomic status were slimmer than girls with low socioeconomic status. This could have resulted from low body esteem and/or higher social pressure felt by women with high socioeconomic status, living in different countries and trying to obtain a fashionable, slim figure (1, 11, 29) . Our study showed the impact of maternal education level as a single factor of socioeconomic status on overweight (including obesity) prevalence but no relationship was found for other single factors of socioeconomic status. The strongest impact of parental education, especially that of the mother, on the prevalence of overweight and obesity in children has been confirmed by many studies (7, 12, 30, 31) . Children of mothers with the highest educational level had lower mean BMI and/or lower prevalence of overweight or obesity (13, (30) (31) (32) ) than children of low-educated mothers. The children of mothers with low educational level exhibited approximately 1.5-2-fold higher risk of overweight and over 4-fold higher risk of obesity than children of mothers with the highest educational level (30, 31) . In our study, the risk of overweight including obesity prevalence in the oldest girls decreased with a higher level of mother's education about 2-3-fold, but there was no effect among boys or younger girls (below 17 years). Studies carried out among a representative sample of Polish children and adolescents (7-18 years) confirmed the lower risk of overweight, including obesity prevalence in girls with highlyeducated mothers, but not in boys (13) . The risk was about 25% lower than in girls of mothers with the lowest education level. In other studies, it was stated that the prevalence of overweight in older girls (18 years) decreased with higher level of mother's education, but in younger girls (11 years) the association was inconsistent (33) . These relations are explained by better nutritional behaviours and higher physical activity of children with high-educated parents, especially mothers (25, 30) as well as with higher social pressure and higher parental requirements in relation to the appearance and silhouette of girls (1) . The impact of maternal education is more stable over time than the influence of other factors of socioeconomic status (30) although the consequences of favourable impact of higher maternal education on the prevalence of overweight are manifested only in the oldest girls (33) . It is curious that there was a lack of impact of single factors of socioeconomic status on the prevalence of overweight in boys observed in our study. An inverse association between the socioeconomic status as a complex index and prevalence of overweight was confirmed only in the oldest boys with average but not high socioeconomic status, and only by Polish standards used to assess overweight prevalence. Studies by different authors have demonstrated that in boys, in contrast to girls, high socioeconomic status was associated with a higher risk of overweight (14, 29, 33, 34) . The impact of single factors of socioeconomic status -educational level and income on weight perception and weight control behaviour -was also stronger in women (27) . In men, there was an impact of other factors of socioeconomic status on overweight prevalence than in women, e.g. occupational status associated with different amounts of leisure-time and different levels of physical activity (35) . It may be assumed that in our study the lack of association between single factors of socioeconomic status and overweight prevalence in boys was a result of the impact of other opposing factors, e.g. peers or physical activity, whose influence was not investigated in our study. Many other environmental and socio-cultural factors influence attitudes to health and nutrition and dietary behaviours and could modify the relation between socioeconomic status and body weight of adolescents (31) . Further studies should be taken to determine whether the lack of association between single factors of socioeconomic status and overweight prevalence in boys is typical for the Polish male adolescent nowadays or results from an opposing effect of other socioeconomic, environmental and lifestyle factors.
Study strengths and limitations
The sample was chosen by quota sampling and is well-fitted to the socio-demographic structure of Polish society (18) . Secondly, the prevalence of overweight (including obesity) found in our sample (about 15%) is similar to the results provided by a large-scale representative national sample (2,13) and other studies (8) carried out in recent years. This increases the strength of conclusions and makes it possible to generalize the results despite not being randomly-selected sample. The strength of the study is that two types of BMI classification were used to assess overweight prevalence in adolescents. Moreover, both standards -Polish and international -provided the same significant associations between socioeconomic status or single factors and overweight prevalence. Furthermore, the height and weight were measured, in contrast to other larger studies among representative samples of adolescents from different countries (1, 14, 23) . However, the declared height and weight were indicated as a source of bias and limitation of other studies, due to the possible underestimation of weight and/or overestimation of height by adolescents, especially girls. Next, the question concerning the single factors of socioeconomic status were very simple and matched young respondents very well. The size of place of residence assessed by three categories was checked using name of village, town or city written by respondents. In our study, single factors regarding economic situation, as well as parent's education level were used, in contrast to larger studies among adolescents based on only self-declared indicators of economic situation (e.g. Family Affluence Scale) (1, 14, 23) . It was found that a higher cultural capital has more influence on health-promoting behaviour and adolescent's health than higher family affluence (9) . However, all self-declared indicators of socioeconomic status could produce some bias in our study as well as in other studies (1, 14, 23) . The strength of the study is that the impacts of a complex index, as well as single factors of socioeconomic status on overweight prevalence were shown. This produces new interesting conclusions regarding overweight prevalence in Polish adolescents and different aspects of socioeconomic status nowadays, after the accession of Poland to the European Union and socioeconomic transformation.
Conclusions
The relationship between socioeconomic status and overweight prevalence (including obesity) was related to sex and age. A high socioeconomic status strongly lowered the risk of overweight prevalence in the oldest girls, but not in boys irrespective of age. Maternal education level was only one single SES factor influencing risk of overweight prevalence in the oldest girls. A better understanding of the determinants affecting overweight prevalence in boys and younger girls requires further research and explanation. Further studies should also include other factors influencing or modifying the socioeconomic status and overweight prevalence association, such as genes, lifestyle and peer or neighbourhood environment. In view of the results of the present paper, the efforts to prevent overweight in Polish adolescents should be focused on low-educated mothers and their daughters. Moreover, nutrition and health education should be conducted at an early school level for women with low socioeconomic status to gain this knowledge, who will not continue their education.
Ethical considerations
Ethical issues (including plagiarism, informed consent, misconduct, data fabrication and/or falsification, double publication and/or submission, redundancy, etc.) have been completely observed by the authors.
